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Abstract: This study aims to identify the success features and indicators of smart cities and real
estate projects in order to increase their smartness and integration. Additionally, the study introduces
a new comprehensive evaluation framework for both levels; this framework was developed by
analyzing scientific literature, indexes, and relevant frameworks. The comparative benchmarks
analysis demonstrated the practical application of the framework; seven benchmarks for each level
were selected based on selection criteria. The framework is based on seven categories: smart
governance, smart people, smart infrastructure, smart energy, smart environment, smart technology,
and real estate status. The analysis revealed that cities and projects are adopting smart solutions with
a significant integration between the chosen solutions. However, there is still room for improvement
at both levels. The range of smart performance and indicators performance is illustrated in the study.
The correlation analysis showed a significant correlation between the indicators. Smart real estate
followed different strategies for integration into the smart city. Nevertheless, it was discovered that
cities could limit smart real estate development in some respects. The study revealed factors and
indicators that the municipality, real estate developers, and other stakeholders should focus on in
order to achieve smarter development.
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1. Introduction

The interest in smart city (5C) development is growing [1]. Many city administra-
tions are adopting SC technologies as an effective way to face global environmental and
socioeconomic crises in order to achieve desired urbanization outcomes [2]. Moreover,
SC development is seen as a way to facilitate and satisfy users’ needs through the use
of integrated information and communication technologies (ICT) [3]. Some countries are
shifting to a smarter form of development, such as Japan, which has invested around
507 million USD since 2010 in order to rebuild earthquake-destroyed cities into SCs. With a
333 billion USD investment plan, China plans to transform 80% of its cities into smart cities
by 2050 [4].

The efficiency of SCs is heavily dependent on smart buildings (SBs) [5]; SBs build
SCs [6]. By 2026, the SBs global market will grow to 121.6 billion USD, at a compound
annual growth rate of 10.9% [5]. So far, no certification or rating system exists to identify
SBs [6].

Since 2012, real estate (RE) technology-based companies have raised almost 6.4 billion
USD in funding in the United States alone. RE smart technologies are used by different
participants in the RE industry, including lenders, owners, and investors, in order to collect
and distribute industry-related data [7]. However, the CB-Insights and Warburton report
revealed that the global RE industry lags five years behind the technology curve [8]. Almost
a third of the global RE industry, worth 11 trillion USD, is not utilizing innovative and
smart technologies [9]. Most RE establishments lack innovations in the marketplace and so
they must catch up in order to support current demands and requirements [6].
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SCs and Smart Real Estate (SRE) technologies improve quality of life and facilitate
sustainable development [10]. However, no recommendations exist on how these new
technologies should be applied to SRE in a SC [11]. Moreover, the EU Parliament revealed
that defining city smartness and determining its success is complicated. In addition, it is
difficult to point out particular issues and potential improvements within SCs [12]. As
such, this study aims to identify the features and success indicators for SCs and SRE and
to introduce a new evaluation framework for both levels. The framework is utilized to
identify these indicators, evaluate selected benchmarks, define potential improvements,
classify the status of SC and SRE, investigate their capabilities, and show their integration
and relationship.

This paper is structured as follows. Section 2 presents background information on all
parts of SCs and SRE. The study methodology is explained in Section 3. Section 4 introduces
the developed evaluation framework for both levels. Section 5 shows the application of the
framework on the selected benchmarks. Section 6 reveals the study results and discussion.
Finally, the conclusion is illustrated in Section 7.

2. Background
2.1. Defining Smart Development of Cities and Real Estate Projects

Over the years, the determination of smart development level and understanding its
ingredients has been proposed and developed [13]. The initial concepts of smart develop-
ment faced many criticisms, due to a restricted focus on the technological side alone. The
smart development concept evolved to adopt an anthropocentric approach that invested in
human and social development, in addition to the techno-oriented infrastructure; this led to
the enhancement of economic status and quality of life [14]. Nowadays, smart development
concepts extend beyond the initial perception of using technology and innovation to tackle
urbanization issues and now include the incorporation of sustainable development policies
and practices to actively mitigate the effects of urbanization [13].

The origin of the term SC can be traced back to the 1990s [15]. It began with the
concept of a knowledge-based city, considering that city development elements change
based on knowledge. In the following year, the term global city was invented; this was
the first time a direct impact on the whole globe occurred. The term gave the city a direct
and tangible impact on global affairs through socioeconomic means. In 1993, the phrase
‘ubiquitous city’ was first mentioned; this phrase is considered, to an extent, as a synonym
to SC. It foresaw the link that digital networks in the built environment could provide for
users to both connect with other users as well to all goods they might need at any time [16].
With the evolution of these concepts, the MESH (Mobile, Efficient, Subtle, Heuristics) city
concept was born; this is the primary association of the term ICT in connection with the
modern infrastructure of a city [17].

The definition of SC has been used with different meanings. However, no definition
has been agreed upon by researchers. An SC can be identified as a city encompassing many
interrelated sectors, including transport, education, healthcare, public security, infrastruc-
ture, logistics, resource use, RE, ICT, and others. These sectors have an impact on the daily
lives of the urban population [17].

SRE is a combination of user-centered, sustainable, and innovative technologies for
efficiently managing RE resources in an urban area and making key information available
to consumers, managers, and agents. SRE process management includes data collection
and its processing and dissemination by computers and connected technologies to enhance
the user’s quality of life. It has specific measures for privacy and data security [8]. Cisco
identified SRE as one of the four main pillars of SCs [17].

In theory, the smart development model is a derivative of other existing smart urban
development concepts; despite the fact that cities differ from one another in terms of
culture, climate, economy, ethnicity, and geography, most SC concepts align [14]. Adopting
a ‘lessons learned’ approach, where cities implement policies from successful SCs, could
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help in improving the performance of traditional cities in a limited way. This process can
be a starting point towards smart development [13].

In practice, to provide beneficial smart development solutions for cities and RE to
turn into smart versions, adopting the “one-size-fits-all” model of SCs and SRE would not
be applicable [14]; instead, they must develop their own best-point solutions [13]. The
smart development model is channeled through scoring systems and benchmarks, while
the smart components and frameworks are developed as a tool to assess and implement
smart development [14]. SCs and SRE ranking and assessment should be reconsidered
based on this unified framework in order to test their performance.

2.2. Smart City (SC) Components

Based on the review of various sources [18-26], Figure 1 summarises SC components
and their smart dimensions and elements. Seven smart city components were selected
due to being interrelated with the SC and SRE. The components were categorized as
smart governance, smart people, smart environment, smart infrastructure, smart energy,
smart technology, and smart buildings. These components are linked together with SC
technologies, and they are critical factors for developing the evaluation framework.
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Figure 1. Smart City Components, Source: Author, 2023.

Multiple dimensions of smartness would contribute to the development of each
component. For example, smart governments include: participation, as a smart government
allows public participation in decision-making and the ability to contribute and provide
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suggestions; transparency, to make data available for all users as the decisions and plans
should be shared via different social platforms [19,22,27]. In addition, IoT devices, as these
contribute toward improving the general quality of life for smart citizens; these devices
focuses on promoting the creativity and engagement of the people. Health and safety
dimensions are critical for this component; these factors should be provided through E-
health, telecare, accessibility to public and open spaces, and video surveillance to provide
safety for the people [14,28].

The smart energy system consists of the intelligent integration of decentralized sus-
tainable energy sources, efficient distribution, and optimized power consumption. Efficient
distribution in the smart energy system is made possible by the use of smart infrastruc-
ture, smart grid, and smart meters. The core of a smart energy system is the information
infrastructure; this is responsible for collecting energy consumption information as well as
sharing provider rate information [23,25]. Smart technology is key for the design, imple-
mentation, and operation of SCs. It is linked to all the smart components through a variety
of state-of-the-art technologies that contribute to smart development [25].

The smart environment includes environmental data collection, monitoring and analy-
sis for pollution reduction and control, water quality and supply monitoring, and smart
waste management. Smart environment applications are typically based on ambient and
chemical sensors. However, these applications are not only limited to sensors. They also
contain smart policies and strategies, including waste management strategies and waste
production control policies [23,28,29]. Smart buildings are empowered by ICT in the context
of merging the Internet of Things (IoT); these buildings are equipped with sensors, actua-
tors, and smart systems that allow for data collection, filtering, and production, thereby
increasing user satisfaction [30].

Smart Infrastructure includes the ICT infrastructure that is fundamental to the construc-
tion of SCs and depends on factors related to its availability and performance, including
communication infrastructure [25]. The Smart transportation system is part of this compo-
nent, which shifts from traditional transportation systems to Mobility-as-a-Service, where a
smart loT infrastructure connects different users and entities (personal devices, transport
systems, sensors, etc.) [23].

2.3. Smart Technologies

Smart technologies and solutions have a crucial role in SCs that goes beyond the
traditional objectives of optimizing urban services and improving quality of life [3]. The core
concept of a SC is the idea of using data to measure and improve the performance of urban
systems through the integration of ICT, big data, and the various devices and technologies
connected to the IoT network. This is achieved by employing data and communication
through Artificial Intelligence (AI), Machine Learning, Geographic Information Model
(GIS), and Digital Twin (DT) and creating systems that efficiently optimize city operations
and services [31-35]. Figure 2 illustrates the relationship between different technologies
within the SC.

When combined, these technology frameworks allow for the establishment of urban
systems that can collect a vast array of data related to the functioning of a city in real-time,
and that can analyze the data and adapt the system in response. The degree of urban
intelligence can be measured by the available smart elements that the city has access to.
However, integrating these elements is based on smart technologies [36]. SC systems are
capable of learning by monitoring responses and can thereby optimize performance. SC
technology does not only connect to citizens, but also it allows city officials to interact with
the community and the infrastructure [15]. SC applications are developed in order to allow
responses in real-time; therefore, the SC has a better responses to challenges [25].
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Figure 2. Smart City Technologies, Source: Author, 2023.

Ullah’s 2018 [8] study reviews the adoption of disruptive technologies in RE, with a
focus on nine technologies under the title ‘Big 9’. These include big data, virtual realities VR,
3D scanning, drones, IoT, software as a service (SaaS), clouds, robotics and Al, and wearable
tech. These technologies were examined and reviewed based on 213 related published
articles. In addition to the Big 9 study, other authors [6,37-39] identified additional RE
technologies and solutions. Table 1 categorizes and lists these technologies.

Table 1. Smart Real Estate Technologies, Source: Author,2023.

Category Technology
Networking Clouds, SaaS, IoT, ICT
Data Mining Al, robotics, sensors and actuators
Data Collection Drones, 3D scanning, wearable tech, VR
Transaction and Trading Blockchain, tokenization, smart contracts
Managing and representation Building management system, HVAC system

2.4. Strategies for Real Estate Integration into Smart Cities

The level of RE integration into the SC depends on the SC network’s capabilities and
the resources provided by the RE developer. Several RE developments in SC strategies are
possible, but the RE smartness and intelligence level differ from one strategy to another.
Three integration strategies were identified. In the ‘leading’ strategy, RE development
became the dominant factor in smartness, affecting its surroundings and setting a new
level for other developers to follow. In the ‘following’ strategy, the development follows
the dominant and leading developments as a benchmark; these developments might be
in another location to the original development. Lastly, in the ‘waiting strategy’, the
development uses the fragmented features of intelligence and smartness. All strategies
should follow a coherent plan [30].
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2.5. Added Values of Integration of Smart Technologies in Real Estate and City Development

The smart development concept is more than just creating an app; instead, it is the
complex integration of components, application networks, and infrastructure for the city.
There are numerous correlations between urban planning and city growth. Many elements
are necessary when the population of a region or neighborhood grows. To understand
and make smart decisions for city growth, an in-depth knowledge of these elements is
required [3]. The successful SC and thus also the smart neighborhood should follow the
triple bottom line of sustainability of social, economic, and environmental improvements.
They must improve the quality of life for its inhabitants, maximize resource efficiency to
decrease pressure on the environment, and provide a green economy focused on innovation
as well as developing governance and local democracy [4].

Nowadays, cities consume about 75% of the world’s resources and energy while
producing about 80% of the greenhouse effect [15]. SCs reduce resource and energy
consumption, improve operational efficiency and enable efficient asset management and
allocation. In terms of the environment, SCs improve the waste management system and
reduces greenhouse emissions; this is in contrast to traditional cities. SCs enhance real estate
development (RED), increase stakeholder participation, and increase the transparency of
government affairs information through the big data platform, leading to smart decision-
making by the government [10,32,40]. SCs provide a flexible adaptation to consolidated
city development and offer an innovation platform for new entrepreneurial initiatives,
followed by economic and social improvement. Additionally, SCs save public funds on
services and infrastructures as a result of optimization and provide real-time information,
making the residents aware of their needs [15].

Traditional buildings consume more than 40% of the world’s energy and account for
24% of greenhouse gas emissions. In addition, they are major water, materials, and land
users. Reducing the environmental impact of buildings is a priority [41]. SRE has numerous
advantages for the occupants and the owner. These developments are designed to preserve
limited resources, contribute to perceived quality of life growth, and integrate individ-
ual building systems. Studies have shown that smart real estate can increase employee
productivity by up to 23% through smart lighting systems and smart workplaces [1].

Additionally, smart real estate provide high security, ventilation, sanitation, physical
comfort, and space availability measures. They improve sustainability and reduce energy
consumption. The operational energy efficiency of smart buildings is defined through
various automation factors, such as power management, HVAC control, metering, and
lighting control. The use of smart devices provides accurate data on the usage of buildings
that assists effective decision-making processes. Sensors provide precise data that assists
in making effective decisions [40]. The development of SRE enhances the SC, urban
development, and national economy, thereby leading to a better quality of life [30].

3. Research Methodology
3.1. Justification of Selection Criteria

A comparative analysis was conducted in this research. The analysis was applied at
SC and SRE levels, as illustrated in Figure 3. Seven benchmarks were selected for each level,
and were selected using a selection criterion. The selected benchmarks were compiled,
compared, and evaluated using an evaluation framework for each level which is developed
in the research. The comparative analysis provided a better understanding of each level,
illustrating the integration and relationship between SRE and SC. The selection criteria
aimed to identify and select the SC as a first step, and then a smart project within the
selected city was identified.
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Figure 3. Research methodology, source: Author, 2023.

The selection criteria for both levels are illustrated in Figure 4. The aim of selecting
these benchmarks is to both identify and measure the current status of the leading SCs and
SRE; this provides an insight into what has already been achieved, which elements still
need improvement, and also sets realistic goals for cities and projects to follow with today’s
smart market. The selected RE benchmarks are located in the selected SCs.
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Figure 4. Benchmark Selection Criteria. Source: Author, 2023.

The SC selection criteria are based on ten main elements, which are described and
justified in Table 2. The benchmarks should be listed in five different indexes to ensure
their suitability as leading SC benchmarks.

The selected RE projects are based on six elements, starting with the project location
limited to the selected cities only. Each criteria element is described and justified in Table 3.
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Table 2. Benchmark Selection Criteria Description and Justification—City Level.

Criteria Description Justification
1.  Location Worldwide/different continents To measure location impact
2. Scale Diverse scale To measure scale impact
3. Population More than 1.5M To obtain large-sized cities
4. Smartness Include minimum core components To locate SC.
5. Smart Technologies Utlhm.lg smart technologies in its To ensure suitability as an SC.
operations
6. Smart City Index CSI—2021 [42] Ranked within the top 60-118 To ensure suitability as an SC.
7. Cities in Motion Index CIMI-2020 [43] Ranked within the top 60-174 To ensure suitability as an SC.
8. The Global Financial Centres Index GFCI L To capture a leading financial center,
-2022 [44] Ranked within the top 60-119 reflecting the financial aspect
9. Innovation Cities Index ICI-2021 [45] Ranked within the top 60-500 To integrate innovative solutions
10.  Quality of Living City Ranking 1 . .
QolCR-2019 [46] Ranked within the top 60-231 To ensure adequate quality of life.
Table 3. Benchmark Selection Criteria Description and Justification—Real Estate (Project) Level.
Criteria Description Justification
1.  Location In the selected Smart City To ensure a clear SC/SRE link
2. Project Type Commercial RE project To Identify impact factors on RE
3. Scale Building scale To assess smart projects at a transitional scale
4. Project Status Implemented To evaluate the project operation
5. Smart Technologies Utilizing Smart technologies as part of its operations  To ensure smartness and to be linked to SC.
6.  Sustainability Certified sustainable, LEED, BREEM, or equivalent  Ensure Sustainability

3.2. The Purpose of the Evaluation Framework

The introduced evaluation framework aims to identify the success indicators of SCs
and SRE. It introduces a set of indicators for each level that can assess their performance in
different aspects and determine the deficiencies while highlighting the potential improve-
ments that can be made to reach a smarter status. The framework also aims to disclose
the interoperability capabilities between both levels and emphasize the future trends and
development of the indicators. It is a flexible framework that can be modified and evolved.
It can include new indicators for future technologies.

The framework can serve municipalities, RE developers, contractors, and owners
when building future SCs and SRE. It would also help them make an informed investment
decision on future smart developments. Additionally, the framework can be utilized by
different entities and researchers. It can be incorporated into their scheme and can be
developed further with a more comprehensive approach. The framework can be utilized
for evaluating existing cities and RE, allowing their current status to be determined and
can be used to identify potential measures that can be adopted in order to increase their
smartness level. At the same time, it can be utilized for planned SCs and SRE, as it can help
to identify a road map and the requirements for their creation.
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3.3. Evaluation Framework Development and Benchmark Analysis Process

The evaluation framework is constructed based on multiple layers. The main eval-
uation categories were selected based on the analysis of different existing classifications
and SC components, taking into account the major interconnectivity aspects between SCs
and SRE. Seven categories were selected as interrelated to SCs and SRE: smart governance,
smart people, smart infrastructure, smart energy, smart environment, smart technology,
and RED status as an additional category, included due to its importance to this research.
Both SCs and SRE share the same main categories.

The second basis for the evaluation framework is the subcategories developed under
the main categories. The subcategories include a set of indicators. These indicators are
selected according to the theoretical background, desk study, evaluation framework indexes,
other frameworks, and publications. Figure 5 represents the development of the framework
and the benchmarks analysis process, showing the relationship between each part.

Benchmarks Analysis Process
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Figure 5. Benchmarks analysis process and source of indicators, source: Author, 2023.

At the SC level, indicators were selected based on the SC components, solutions,
and technologies. Several evaluation schemes and indexes were used to extract suitable
indicators for the evaluation framework. SCI, 2021 [42], CIMI, 2020 [43], EU Taxonomy,
2020 [47], Kaluarachchi, 2022 [27], and Sharifi, 2020 research [48] had a significant impact
on indicator selection. Other indexes, frameworks, and references were used.

At the RE (project) level, indicators were selected based on SRE components, solutions,
and technologies. Various smart building evaluation schemes were beneficial for extracting
some subcategories and indicators at the RE level. The smart building integration into a
SC (SBISC) study and evaluation framework [11,30], smart building evaluation System
by Jain [6], and the Big 9 study [8] had a major role in selecting the indicators. Other in-
dexes, frameworks, tools, publications, and references were used, including EU Taxonomy,
2020 [34], and The EU Smart Readiness Indicator (SRI) scheme.
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4. Evaluation Framework
4.1. City Level

A total of 28 subcategories and 85 indicators were used to evaluate the SC as shown in
Table 4. Each indicator’s score weight was identified based on its importance and relevance
to the evaluation criteria. The evaluation matrix was applied to the selected benchmarks in
the following Section 5. The total score was 560 points, distributed equally, with 80 points
for each category.

Table 4. Smart City Evaluation Framework, Source: Author, 2023.

Category Subcategory Indicator Score
1. Availability of open data platform 8
1. E-Government 2. Performance in E-Government development index 10
3. Information on local government decisions is easily accessible 6
4. Processing identification documents online 8
2. Public Services
5. IS0 37120/27122 certified 4
1. Smart Governance 6. Online voting (increases participation) 8
7. E-Participation Index 10
3. Participation 8. Residents provide feedback on government projects 6
9. Residents contribute to the local government’s decision-making 6
10.  Corruption perceptions index 6
4. Transparency
11.  Online public access to city finances 8
12.  Performance in Safety Index 10
13.  CCTV surveillance 10
5. Health and Safety 14.  Medical services provision is satisfactory 6
15.  Arranging medical appointments online 6
16.  Performance in Quality-of-Life Index 10
2. Smart People
17.  IT skills and technologies are taught well in schools 6
6. Digital Education 18.  Performance in Human Development Index 10
19.  Online employment-finding services 8
20.  Online services to start a new business 8
7. Creativity
21.  Online purchasing of events tickets 6
22.  Performance at Traffic Commute Time Index 8
8. Traffic Management 23.  Real-time traffic congestion management 10
24.  The city provides information on traffic congestion via mobile 6
25.  Apps that define available parking space 6
9. Communication and . .
4
Navigation System 26. _ Bicycle hiring
27.  Car-sharing Apps 4
3. Smart 28.  Public transport is satisfactory 8
Infrastructure
10.  Public Transportation ~ 29.  Transport online scheduling and ticket sales 6
30. Intelligent bus stops/ Metro station 6
31.  Share of population with internet access 4
32.  Free public Wi-Fi 4
11.  ICT Infrastructure 33.  Wi-Fi hotspots 4
and Middleware
34.  Availability of fiber (FTTH and FTTB) 4
35.  Available Middleware Common platform 6
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Table 4. Cont.
Category Subcategory Indicator Score
12.  Low Carbon 36. CO2 emission index 6
Generation 37.  Reduction in CO2 emission 6
13.  Efficient 38, Smart Grids 10
Distribution 39. % of Households using Smart Meters 10
40. % of tion of ti 10
4 Smart Energy o 0. % of reduction of energy consumption
14.  Optimized . . ;
. 41.  Electricity generation per capita 6
Consumption
42, Energy Consumption level per capita 6
43.  Share of primary energy from renewable Sources 10
15. Renewable 44.  Share of electricity generation from the solar system 6
Energy 45.  Share of electricity generation from wind power 6
46.  Share of energy generated from Hydropower 4
47.  Air pollution is not a problem 8
16.  Pollution Control
48.  Pollution index 6
49.  Apps allow residents to monitor air pollution 6
17. Networkingand 50,  Environmental performance index 10
. Environmental - ; )
5. Smart Environment Monitoring 51.  Recycling services are satisfactory 8
52.  Smart waste management 10
53.  Population % with water supply access 4
18. Wate.r . 54. Renewable water resources 8
Monitoring
55.  Sensors for the assessment of water quantity and quality 8
56.  Number of LEED-Certified buildings 6
19.  Green Building
57.  Number of BREEAM-Certified buildings 6
58.  Online city maintenance problems reporting with a fast solution 10
59.  Weekly online purchases 4
20.  Communication g9 Internet speed and reliability meet connectivity needs 4
and Global ICT
61.  Web Index 4
62.  Smart home devices ownership (IoT) 6
21, State-of-Art- 63.  performance in the Innovation index 10
Technology
6.  Smart Technol i
mart lechnology 22.  Cyber Systems 64.  Social networks 4
CPSs
65.  users % that are not concerned about misuse of personal data 6
2. Utilizing 66.  Municipality uses GIS 4
GIS-based 67.  Level of utilizing real-time GIS 10
programs 68.  Digital twin city-level 4
24, Resource 69. Big Data Management 4
Management 70.  Broadband and subscriptions 10
71.  GPD 4
72.  GPD Per Capita 4
7. Real Estate 25.  Economic 73.  Cost Of Living Index 4
Development Status Conditions 74, GNI per capita (PPP $) 4
75.  The hourly wage in US dollars 4
76.  Global Financial Centers Index 8
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Table 4. Cont.

Category Subcategory Indicator Score
77. Investment Volumes 6
26. Investment 78. Purchasing power 4
79. Mainstream residential prices (Global Residential Cities Index) 8
80. Property Price to income ratio 4
81.  Availability of housing (Rent 30% or less of the salary) 6
27. Real Estate Market
82. Market size 6
83. SC Market Growth 8
28. Transaction and 84. Adopting blockchain strategy 6
Trading .
Technologies 85. Tokenization 4
4.2. Real Estate (Project) Level
A total of 90 indicators in 28 subcategories were used to evaluate the smart project
as shown in Table 5. Each indicator score weight was identified based on its importance
and relevance to the evaluation criteria for the SRE. The overall score was 255 points,
distributed based on the category relevance to SRE. Smart technologies are considered the
core of the SRE; as such, it had the highest share of points (60 points). Smart energy and
smart environment are significant categories, with 40 points each. Smart Infrastructure
and RED status had moderate importance, with 35 points each. Smart people and smart
governance had an indirect relation with a moderate impact on SRE, with 30 points and
15 points, respectively. The scoring criteria are illustrated in the supplementary materials
(Table S2).
Table 5. Smart Real Estate Evaluation Framework. Source: Author, 2023.
Category Subcategory Indicator Score
1. Processing of the required documents online 3
1. E-Government
2. Linked to city Big Data Platform 4
1. Smart Governance 3 Government support 2
2. Participation 4. Project concept presentation 2
5. Project design presentation 1
3. Transparency 6. Transparency of funding 3
7. The ability to respond as technology evolves 4
4. Flexibility 8. The ability to change the space area 3
9.  The ability to change the space uses 2
10. CCTV 4
. i i 2
5. Security and Safety 11.  Surveillance recording
2. Smart People 12.  Face recognition 2
13.  Smart fire safety system 2
14.  User satisfaction 4
. 3
6. Consumer satisfaction 15.  Occupancy control for HVAC
16.  Occupancy control of lighting 2
17.  Smart life solutions 2
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Table 5. Cont.
Category Subcategory Indicator Score
18.  Site Connectivity 2
7. Mobility and Accessibility 19.  Level of connectivity with the surrounding 3
20.  Contribution to reducing traffic conjunction 2
L . . 21.  City capability for smart solutions integration 4
3. Smart Infrastructure 8. Automatization and integration
into SC 22.  Smart Grid Integration 5
23.  ICT Connection 4
9. ICT Infrastructure
24.  IoT-based level 5
25.  Data points from IoT sensors and devices 5
10.  Smart Data Solutions
26.  Level of processing and utilizing collected data 5
27.  Solar panels installation 3
28.  On-site renewable energy 2
29.  Using natural lighting 2
1. Energy Management/Power 30.  Energy-efficient escalators and regenerative lifts 3
management
31. % of LED lights 4
32.  Availability of electric car charging points 3
4. Smart Energy 33.  Building power generation 3
34.  Heating and Cooling emission control 2
35.  Heat pump sources 3
12.  HVAC system
36.  Supply airflow control at the room level 2
37.  Report about system performance 2
38.  Energy efficiency solutions 2
13.  Energy Efficiency 39. % of Electricity Reduction 5
40. Net Zero building 4
41.  Pre-design studies 2
14.  Research and Analysis for 42, Site location 3
Sustainability
43.  Considering sustainable and recycled materials 2
44.  Greenery Integration 2
15.  Smart Environmental Solutions 45.  Rainwater harvesting system 2
46.  Water recycling 3
5. Smart Environment 47.  Water consumption monitoring 4
16.  Water Efficiency
48. % of water use reduction 5
49.  Smart Waste Management 3
17.  Environmental Impact 50. Impact on sustainability / environment 4
51. % of emission reduction 4
52.  Environmental certified building 4
18.  Green/ Sustainable Building 53.  Number of Certifications 1
certification -
54. DGNB certificated 1
55.  Availability of Sensors and Actuators 5
19, Smart Control Devices and 56.  Availability of user panels for control 3
sensors ime- iohti 2
6.  Smart Technology 57. Mood and time-based control of lighting
58.  Artificial lighting power based on daylight levels 2
. L 59.  Apps to schedule and book spaces in the building 2
20.  Smart Apps linked to the building
60.  Apps that define available parking space 2
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Table 5. Cont.
Category Subcategory Indicator Score
61.  Utilizing BIM 3
2L %I;;rbtazzg(;i;gg i\;[r(;clelling and 62.  Digital Twin maturity level 3
63.  GIS utilization level 5
64.  Material resource 2
22 Dynamic Envelop 65.  Smart Material 4
66.  Window solar shading control 2
67.  Window control combined with the HVAC system 3
68.  State-of-the-art BMS 4
69.  Enables real-time remote management 2
23.  Building Management System 70.  Real-time management of HVAC systems 2
(BMS) 71.  Detecting faults in systems and providing support 2
72.  Weather deduction 2
73.  Central reporting of performance and energy use 2
74.  Using a one-of-a-kind system 3
75.  Machine Learning 2
24. Leading innovative solutions 76.  Contactless interaction 1
77.  Audio Visual Building 1
78.  All Electric building 1
79.  Stakeholders’ cooperation 2
25. Construction management 80.  Construction management process 3
81.  Closeout and commissioning digitalization 2
82. Budget 5
26.  Life-Cycle Cost 83. Rent demand 4
7. Real Estate
Development Status 84.  Expected payback 3
85.  Smart Building Market Size 5
27.  Real Estate Market 86.  Smart building market growth rate 3
87.  Value compared with regular property 4
88.  Blockchain 2
28.  Transaction and Trading 1
1

90. Tokenization

5. Benchmark Analysis

The benchmark analysis was crucial for this study in order to test the evaluation
framework, to understand how SC works, and to define its impact and integration with
SRE projects. The benchmarks study gives an insight that helps to define SC principles in
both theories and practice.

5.1. City Level
5.1.1. Smart City Selection Process

Based on the selection criteria illustrated in Table 2, seven cities were selected from
four different countries, as shown in Figure 6. The description of each city in terms of
area, population, and performances in various relative indexes and the average ranking is
illustrated in Table 6.
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Figure 6. Selected Benchmarks—City level, Source: Author, 2023.

Table 6. Selected Benchmarks Details and Performance in Relative Indexes—City level, Source:
Author, 2023.

Continent City Population Are;l SCI, 2021 CIMI, 2020 GFCI, 2022 ICI, 2021 QolL, 2019 Average
™M) (km?) (/118) (/174) (/119) (/500) (/231) (/100)

Amsterdam 1.2 219.3 17 8 19 24 11 9
Europe London 8.8 1572 22 1 2 11 41 8
Munich 15 310.7 14 24 28 39 3 12
Asia Singapore 5.9 728.6 1 9 4 5 25 5
Oceania Sydney 49 12,368 18 17 25 4 11 10
North Fraiacrilsco 33 121 60 20 5 12 34 17
America Toronto 62 630.2 36 30 19 13 16 16

5.1.2. Selected Benchmarks General Description

Amsterdam (AMS), Netherlands, Europe. Amsterdam was one of the early adopters of
the SC concept in Europe. The strategy was embraced in order to strengthen the territory’s
competitiveness and transform it into one of the most innovative regions in Europe by
2025 [49]. It was named the European Capital of Innovation by the European Commission
in 2016. AMS’s economic board has launched the “Amsterdam SC online platform”, which
lies at the heart of the city’s strategic approach. The platform aims to enable collaboration
and transform it into a SC by adopting a sustainable economy, efficient use of natural
resources, and promoting a better quality of life for citizens [49].

London (LDN), United Kingdom, Europe, is considered to be the smartest and most
sustainable city in the world, according to CIMI, 2020; for the second year running, it has
been deemed the smartest city in the world. As a smart city, London is seen as a thought
leader and pioneer; it launched the integrated transport Oyster smartcard in 2003 and
introduced a congestion charge in the same year. In 2010, it established an open data
platform and brought in a pay-as-you-go. In 2018, the latest SC roadmap—Smarter London
Together—was implemented in order to make LDN the smartest city in the world [50].
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Munich (MU), Germany, Europe. The SC framework strategy is being implemented
in MU. Increasing amounts of SC technology is being introduced to the city by many
smart projects, including City-2-Share, Civitas Eccentric, Directions, E2rebuild, and Smarter
Together. These projects have introduced several technologies for reducing CO, emissions,
increasing renewable energy use, energy efficiency, and integration with smart mobility
solutions, innovative ICT solutions, and providing an urban data platform, for a smarter
make MU a smarter city [51]. An operational DTs, representing a digital city, including 3D
representation and sensors, enable municipal departments to implement various uses and
facilitate decision-making [52,53].

Singapore (SING), Singapore, Asia, has been recognized as the world’s smartest city,
according to SCI, 2021 [42]. The city-state constantly tests urban development customs
built around the principles of innovation and sustainability. SING was the first to earn
the “smart nation” title [54]. It has the world’s first DT of an existing city-state, providing
its users with an effective way to engage in the digital economy and urbanization [34].
Many innovations are used in SING, including the “Vehicle-to-Everything” (V2X) project,
probably one of the world’s most technologically advanced systems of its kind [54]. In 2018,
SING was considered the best blockchain city in the world [55].

Sydney (SYD), Australia, Oceania. In 2020, SYD released a SC strategic framework
to harness the opportunities brought about by digital disruption, to plan for uncertainty,
and to sustain a global reputation as a leading place to live, work, learn, and visit. SYD is a
leading business and professional services hub in the Asia-Pacific region [56]. SYD was
one of the first local councils to establish an online hub to ensure that public consultation
is supported by digital engagement. It applies technology in different SC components,
including smart shuttles communicating with urban infrastructure [57].

San Francisco (SF), United States of America, North America, has been consistently
ranked among the leading SCs globally since 2011. SF uses technology to reduce energy
use, create more efficient buildings, and develop its waste management and transportation
systems, all of which have contributed to greening the city while making mobility easier.
The city is also aiming for zero waste, zero emissions, and vision zero traffic fatalities
by 2024 [58]. It is home to cryptocurrency trading platforms and is ranked the fifth top
blockchain hosting city globally [55].

Toronto (TOR), Canada, North America. In 2017 and 2018, TOR started several SC
injtiatives and participated in the Canadian Federal SCs Challenge, designed to encourage
innovative solutions to urban challenges in partnership with municipal leaders, organiza-
tions, and non-profit and academic partners. TOR has outlined an approach to its Smarter
Cities Initiatives. Planning for two major projects is the city’s submission to the Canadian
SCs Challenge and Sidewalk Toronto partnership, and several divisions within the city
have also been undertaking their SC projects [59].

Table 7 summarizes the evaluation of the benchmark at the city level, a detailed scoring
is provided in the supplementary materials.

5.2. Real Estate (Project) Level
5.2.1. SRE Selection Process

Figure 7 illustrates the seven selected benchmarks at the RE level based on the se-
lection criteria in Table 3. These benchmarks are located in the previously selected cities.
Table 8 describes the projects in terms of area, budget, status, number of floors, and
sustainability certificates.
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Table 7. Summarized Benchmarks Evaluation—Smart City level.

Category Subcategory Score AMS LDN MU SING SYD SF TOR
E-Government 24 17 17 16 19 17 17 16
Smart Public Services 12 9 9 4 6 5 4 9
Governance Participation 30 20 20 19 21 2 20 20
Transparency 14 9 8 8 10 8 7 8
Smart Governance Total Score 80 55 55 47 56 50 48 53
Health and Safety 42 30 24 31 33 30 24 26
Smart People Digital Education 24 19 18 18 20 19 17 18
Creativity 14 9 9 8 11 9 8 9
Smart People Total Score 80 57 52 57 63 58 49 53
Traffic Management 24 18 15 17 15 16 15 16
Smart Communication and Navigation System 14 7 7 6 8 6 7 6
Infrastructure Public Transportation 20 15 15 16 16 14 15 12
ICT Infrastructure and Middleware 22 17 20 16 20 15 15 20
Smart Infrastructure Total Score 80 58 57 54 59 51 51 54
Low Carbon Generation 12 8 10 8 12 6 3 6
Smart Energy Efficient Distribution 20 14 14 10 10 10 16 12
Optimized Consumption 22 8 20 17 5 6 16 11
Renewable Energy 26 11 15 16 6 15 13 15
Smart Energy Total Score 80 41 59 50 33 37 48 44
Pollution Control 14 7 5 8 9 8 5 7
Smart Networking and Environmental Monitoring 34 25 26 26 25 25 23 23
Environment Water Monitoring 20 13 14 14 12 20 16 19
Green Buildings 12 7 9 7 1 1 6 6
Smart Environment Total Score 80 53 54 55 47 54 50 55
Communication and Global ICT 28 17 21 14 19 16 17 18
Smart State-of-Art-Technology 10 8 9 8 9 9 9 8
Technology Cyber Systems CPS 10 7 7 7 7 7 7 7
Utilizing GIS-based programs 18 12 11 12 15 15 12 12
Resource Management 14 10 11 11 9 11 12 11
Smart Technology Total Score 80 54 59 52 59 58 57 56
Economic Conditions 28 23 17 17 16 16 20 17
Diiillfﬁﬁi . Investment 18 11 8 7 10 8 13 11
Status Real Estate Market 24 15 14 16 15 16 19 16
Transaction and Trading Technologies 10 7 7 6 10 5 8 7
RED Status Total Score 80 55 47 46 51 45 59 51
Smart City Total Score 560 372 383 367 372 358 361 371

Ranking 2 1 5 3 7 6 4
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Table 8. Selected Benchmarks Details and Performance in Relative Indexes—Real Estate
(Project) Level.
Continent City Project ‘("nrl‘;; B“(g;get Con’:ﬁ:te g oo Building Sustainability
AMS The Edge 40,000 210 MM 2015 15 BREEAM NewConstruction Outstanding
Europe LDN  TheCrystal 22300 487 MM 2012 26 BREEAM and LEED Platinum
MU Siemens HQ 45,000 46 MM 2016 7 LEED Platinum and DGNB
Asia SING Frasers Tower 61,689 200 MM 2018 36 Green Mark Platinum
Oceania SYD ANZ Tower 59,000 554 MM 2013 44 6 Star Office Design v2 rating
‘ SF Salesforce 150,000  1.1B 2018 62 LEED Core and Shell Platinum
North America Tower
TOR RBC Tower 86,000 400 MM 2014 32 LEED BD + C Platinum LEED O + M Gold

5.2.2. Selected Benchmarks General Description

The Edge, Amsterdam, Netherlands, is described as the smartest building in the world
and the greenest building in the world. According to BREEAM, the building achieved the
highest score ever (98.4%) in 2015 [30]. It is located in the city’s economic and financial
center. It optimizes the efficiency and productivity of its users and showcases the benefits
of BIM in SRE. The Edge was built with the IoT as its foundational principle. With its
implementation of smart technologies, it captures many of BIM's benefits. The building has
the world’s most efficient aquifer thermal energy storage system, providing all the required
energy. It has 28,000 sensors for motion, light, temperature, and humidity. The Edge uses
an app that tracks the user’s schedule and acts as a pass to all the building’s facilities. The
investment is expected to be earned back in only 8.3 years [60].

The Crystal, London, The United Kingdom, is the first building to achieve Outstanding
BREEAM and Platinum LEED accreditations. The building has been built on a brownfield
site in a historically industrial area. It has been designed to adapt and respond to the
surrounding environment as technology evolves. The Crystal produces 20% of its energy
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using photovoltaic cells and uses 100% natural heat sources; it has no heating bill. It
consumes 46% less energy and emits 70% less CO, than comparable office buildings. The
BMS detects outdoor and indoor weather conditions. The building is 90% water self-
sufficient, with an approved drinking water safety plan; this is the first in a commercial
building to be approved in the UK. The building uses over 3500 data points from IoT
sensors and devices, with 2500 individual building control devices. In addition, it measures
used electricity and compares its performance against other buildings [61].

Siemens Headquarters, Munich, Germany, is a certified Platinum LEED and DGNB
building. Located in downtown Munich, the new headquarters was designed to be es-
sentially energy self-sufficient. Primary energy is based on district heat generated by
geothermal heat pumps, and free cooling is achieved through cooling towers. The building
uses 90% less electricity, 75% less water, and produces 90% fewer CO; emissions. A pho-
tovoltaic system supplies one-third of the overall power consumed by 7400 LED lamps,
thereby cutting energy consumption. The building uses over 300 km of data cables in
150 control cabinets to provide data on temperature, air quality, lighting, and building
security, and 30,000 data points continuously analyze the building. The DESIGO system
from Siemens links all subsystems [62].

Frasers Tower, Singapore, Singapore, is a Green Mark Platinum-certified building
situated within the central business district. The building is well connected with its
surrounding public transport system and open space and has its own park. It uses many
sustainable solutions, including escalators and regenerative lifts, which generate energy for
the building. It uses a ductless fan system that reduces power consumption, water recycling
for irrigation, and sustainable and recycled materials. The building is fed by over 2100 data
points connected to the cloud; the platform enables holistic environment management. In
addition, 900 lighting, 179 Bluetooth Beacons, air quality, and temperature sensors gather
data in real-time, enabling operators to optimize building spaces for maximum efficiency.
It has a DT, providing an smart building blueprint, using BMS that manages and controls
the building’s various systems [63,64].

ANZ Tower, Sydney, Australia, is an addition to the Sydney skyline and has been
awarded the highest possible rating by the Green Building Council of Australia, with
a rating of 6 Star Green Star—Office Design v2; it also has been awarded KNX Award.
The building consumes 30% less energy and emits 69% less CO2 than comparable office
buildings [65]. UV lights in the building emitters in all air handling units are used to
improve air quality. The building is fully integrated with the smart grid. The building uses
audio-visual interfacing, and BMS manages and controls the building systems, allowing
lighting scheduling throughout the building. Demand control ventilation assisted by CO,
sensors adjusts demand and delivers fresh air. The building has a time-controlled purging
system to eliminate office-generated contaminants [66].

Salesforce Tower, San Francisco, USA, is the tallest building allowed in SF by zoning,
and it is the first pre-certified LEED Platinum Core and Shell project in SE. The converged
network approach has increased the building’s performance, functionality, and environ-
mental sustainability by converging the building management and metering systems. It
enabled the building’s operator to gather and make informed decisions. The building’s sus-
tainable solutions reduce energy by 30%, emissions by 7040 MTCO2e, water consumption
by 30% below code, and divert around 1500 tons of waste. It uses a first-of-its-kind HVAC
system with floor-by-floor air handlers. The building DT helps to understand the use of
space and modeling and energy modeling [67-69].

RBC Waterpark Place, Toronto, Canada, is the first commercial tower in Toronto to
achieve LEED Platinum CandS and LEED gold for OandM certifications; also in addition,
it achieved a rating of 100 in Energy Star. Employing the highest standards in sustainable
design, it uses energy-efficient lighting, reduces water usage by 35%, and utilizes a deep-
water district cooling system. Around 60% of the building’s roofs are green, irrigated only
by stormwater. The heat gain is reduced by using sunshades and fins and low-emitting
building materials. IoT sensors in the building gather and store data, providing valuable
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insights and visibility to assets, energy equipment, and the environment. Power over
Ethernet enables real-time data monitoring. Demand control ventilation is assisted by CO2
sensors [70,71].

Table 9 summarizes the evaluation of the benchmark at the RE level. Detailed scoring
and its justifications are provided in the supplementary materials.

Table 9. Summarized Benchmarks Evaluation—Real Estate (Project) level.

Category Subcategory Score ]'El"(;w The Siemens  Frasers ANZ Salesforce RBC
ge Crystal HQ Tower  Tower Tower Tower
E-Government 7 3 3 3 4 3 3 4
Smart NV
Governance Participation 5 4 5 4 5 5 5 5
Transparency 3 2 2 2 2 1 1 1
Smart Governance Total Score 15 9 10 9 11 9 9 10
Flexibility 9 7 7 5 6 0 5 6
Smart People Security and Safety 10 6 7 4 7 9 6 8
Consumer satisfaction 11 11 10 11 11 9 11 11
Smart People Total Score 30 24 24 20 24 18 22 25
Mobility and Accessibility 7 6 5 5 7 5 5 6
Smart integration into the SC 9 9 9 8 8 9 9 8
Infrastructure ICT Infrastructure 9 8 8 8 6 4 4 6
Smart Data Solutions 10 10 10 8 6 6 6 8
Smart Infrastructure Total Score 35 34 33 30 28 25 25 29
Energy Management 20 19 12 16 8 9 8 9
Smart Energy HVAC system 9 8 9 8 8 6 7
Energy Efficiency 11 9 8 9 3 4 7 5
Smart Energy Total Score 40 36 29 33 19 19 22 22
Analysis for Sustainability 7 6 5 6 6 5 5 5
Smart S.Environmental Solutions 7 5 6 5 6 0 6 6
Environment Water Efficiency 9 9 9 8 7 6 6 5
Environmental Impact 11 11 7 8 11 7 7 6
Green Certification 6 4 5 5 4 4 5 5
Smart Environment Total Score 40 35 32 32 34 22 29 27
Control Devices and Sensors 12 12 12 9 8 10 6 8
Linked smart Apps 4 4 0 0 4 0 0 0
——
Dynamic Envelop 11 9 8 11 5 2 5 11
BMS 14 13 14 11 12 10 9 11
Leading innovative 8 6 5 4 4 4 5 6
Smart Technology Total Score 60 53 46 42 43 30 34 40
Construction management 7 6 4 5 5 4 5 5
DIZfleOE;E; . Life-Cycle Cost 12 8 11 11 9 6 7 10
Status Real Estate Market 12 10 10 10 10 10 12 12
Transaction and~Trading 4 1 2 3 4 4 4 4
Technologies
RED Status Total Score 35 25 27 29 28 24 28 31
Total Smart Real Estate Score 255 215 200 194 186 146 168 183

Ranking 1 2 3 4 7 6 5
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6. Results and Discussion

According to Table 7, London has ranked as the smartest city among selected bench-
marks, scoring around 70%. The average score of the selected benchmarks at the SC level is
65%. At the SRE level, Table 9 illustrates that The Edge in Amsterdam has ranked as the
smartest RE among selected benchmarks, scoring 84%; the average score of the selected
benchmarks is 72%. The framework is designed for ultimate performance, considering
the future evolution of the evaluated elements. Only an ideal SRE in an ideal SC would
a building have a full score, so the selected benchmarks score is considered in a range of
good to very good in the current state; these can be references for other projects to follow.

Figures 8 and 9 capture the highest and lowest scores achieved by the selected bench-
marks, creating a smart performance range of the selected benchmarks. These ranges
guide evaluators to assess the position of the evaluated SCs and SRE, and to identify if
they are within the smart performance range. In some categories, the difference range is
insignificant; in others, the range drops significantly, such as for the smart energy for both
levels. This means that some failures in the used techniques can be identified or that some
crucial smart elements are being neglected.

Potential Smart
Development

Smart Governance

Smart People Smart Infrastructure Smart Energy Smart Environment  Smart Technlogy RED Status

== Highest Score Among Selected Benchmark SC —a— | owest Scored Among Selected Benchmark SC

et/
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Smart Governance

Figure 8. Performance range between highest and lowest scores (city level), source: Author, 2023.
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Figure 9. Performance range between highest and lowest scores (Project Level), source: Author, 2023.

The evaluation framework revealed that there is still a gap in SCs and SRE even
for the selected benchmarks; this should be developed further and improved to reach a
smarter state on both levels. Figure 10 illustrates the SRE and SCs level performance in
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each smart category based on the average performance of the selected benchmarks. On
average, the leading category at the SC level is smart technology and smart infrastructure
for the SRE level.
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Figure 10. Selected Benchmarks average performance in the main smart categories, source:
Author, 2023.

The gaps can be identified as potentials for improvement on each indicator. Figure 11
illustrates the average performance of the selected SC benchmarks, indicating the impact,
performance, and importance of SC indicators. Some indicators are already developed,
used, and commonly utilized in all selected cities and can be considered critical factors
for a successful SC, including and not limited to the available middleware platform, big
data management, utilizing DT, GIS, smart grids, smart waste management, the growth
of SC market, and traffic management. Other indicators are developed with potential for
improvement. They are considered essential to the SC, such as the accessibility to the
local government decisions, the satisfaction level of public transport, CO, emission, smart
home devices ownership, online governmental documents, and other indicators that can
be improved.
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Figure 11. Smart City indicators average performance based on selected benchmarks, Source:
Author, 2023.
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Other indicators require further development, such as online reporting of city mainte-
nance problems, availability of open data platforms, renewable water resources, utilization
of different types of applications, and the reduction of energy consumption. A major
improvement is required for a limited number of indicators; this would help to obtain a
smarter and more sustainable city, and includes the number of green-certified buildings,
the number of households using smart meters, and the generated energy in different types
of sources.

The selected SRE projects had a significant reduction in resource consumption, with an
average reduction of 48% for energy consumption, 65% for water consumption, and 67% for
CO; emission. Some indicators are already developed; they are used in the selected projects
and are critical for successful SRE, as shown in Figure 12. These include utilizing BIM,
availability of sensors and actuators, using smart processing big data, real-time manage-
ment, and pre-design studies. Some other indicators require minor development, such as
expected payback, data points from IoT, governmental support, BMS, GIS utilization level,
and ICT connection. Various indicators need to be developed, including the connection to
the city BigData, smart construction management process, and response to the technology
as it evolves. Other indicators that are in major need of development would make the
building more connected to the city, such as the DT maturity level and being linked to the
BigData platform, increasing the connection to the SC.

Figure 12. Smart Real Estate indicators average performance based on selected benchmarks, Source:
Author, 2023.

Figure 13 represents the sectional analysis of selected benchmarks’ SRE integration
into SCs and the performance of both levels in each category. Although MU was ranked
fifth on the SC level, the city’s SRE was ranked third; this shows that the SBs can follow the
different strategies explained previously in Section 2.3.

SRE in AMS, MU, and LND followed a leading strategy, as they are more developed
than established elements in several SC categories. Both projects in SING and TOR adopted
the following strategy, proceeding with what already exists and exceeding it in some
areas. The SF and SYD projects followed the waiting strategy, using fragments of the SC
decreasing in some areas other than the SC and expanding in others.

The sectional analysis shows that the SC performance limits the smart governance at
the SRE level, and all selected SRE did not exceed that limit. As for the average, the projects
adopted the leading strategy in RED status, smart people, smart infrastructure, and the
following strategy in smart governance, smart environment, and smart energy. The smart
technology followed the waiting strategy, as it decreased in performance in that area; this
can verify that the SRE technologies are still behind the curve, as mentioned in Section 1.
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Figure 13. Sectional analysis of selected benchmarks’, Smart Real Estate integration into Smart Cities
and the performance.

Correlation analysis was conducted using SPSS (Statistical Product and Service Solu-
tions) software on both SC and SRE levels and their integration. The analysis was tested on
three classifications: main categories, subcategories, and indicators. The analysis revealed
a significant integration and mutual impact between SC and SRE, and there is a correlation
between most of the elements. Table 10 identifies the significant correlation between the
main category classification levels. Significant correlations have been detected between
different categories. Smart infrastructure, smart governance, and smart technology had the
highest correlation and impact on different categories within both levels and their impact
on each other.



Sustainability 2023, 15, 9518

25 of 31

Table 10. Significant Correlation—Categories Classification, Source: Author, 2023.

Smart City (SC)

Smart Real Estate (SRE) SC—SRE Correlations

S. Governance—S. Infrastructure *
S. Governance—S. Technology *

S. People—S. Infrastructure *
S. Energy—S. Environment *

S. Governance (SC)—S. Governance (SRE) **
S.Governance (SC)—S. Infrastructure (SRE) *
S. People (SC)—S. Governance (SRE) *
S.People (SC)—S. Infrastrucutre (SRE) *

S. Technology (SC)—S. Infrastructure (SRE) **
S. Technlogy (SC)— S. Governance (SRE) *

S. Infrastructure (SC)—S. Infrastructure (SRE) **
S. Environment (SC)—S. Infrastructure (SRE) *

S. Technology—S. Infrastructure **
S. Technology—S. Environment *
S. Technology—S. Energy *

S. Technology- S. People *

S. Governance—S. People *

S. Infrastructure—S. Energy *

S. Infrastructure—S. Environment *

* Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level.

Significant correlations were identified for the subcategory’s classification. E-government,
transparency, and ICT infrastructure were identified as some of the significant correlations,
with the highest count at the SC level. ICT infrastructure, smart data solutions, and BMS
were identified for the SRE level with the highest count. The integrated subcategories
with the highest count are public transportation, transparency, cyber systems, mobility and
accessibility, environmental impact, and smart apps linked to the building.

Many indicators significantly correlate with each other with various impacts. Table 11
highlights some of the leading indicators with the highest count of significant correlation.
It can be concluded that the indicators” priority and impact are different based on their
impact position, whether within the same level or on the other integrated level. Some
indicators have a significant impact in both positions, such as the availability of open data
platforms, big data management, net zero building, and sensors and actuator availability.

Table 11. Significant Correlation—Indicators Classification, Source: Author, 2023.

Smart City (SC)

Smart Real Estat (SRE) SC-SRE Correlations

Open data platform availabili
Big data management
Problems reporting/solution
CCTV surveillance

Web index

Info. On local government, decisions are

easily accessible
Free public Wi-Fi

Environmental index

Smart Market size
Availability of housing (Rent)
Municipality uses GIS

Air pollution is not a problem.

. ICT Connection °

ty Open data platform availability

. ToT-based level . Big Data Management (SC)
. Sensors and Actuators Availability . BREEAM-Certifications (SC)
. SB Market Growth Rate . Smart Market size (SC)

State-of-the-art BMS

Data points from IoT Sensors and
Devices

Availability of fiber (SC)
Digital twin city-level (SC)

Heat pump source
Net Zero building

Smart Materials

Smart Waste Management (SRE)
Net Zero Building (SRE)

GIS utilization level (SRE)
Availability of Sensors (SRE)
Smart Grid Integration (SRE)
Reducing conjunction (SRE)

Water consumption monitoring
Budget

Solar panels installation

7. Conclusions

This study introduced, developed, and applied a new comprehensive evaluation
framework for smart cities and smart real estate levels, with 85 and 90 indicators, respec-
tively. The evaluation framework was applied to seven benchmarks for each level. The
comparative benchmarks analysis revealed that cities and real estate developments are
adopting smart principles and moving towards a smarter status. The smart performance
range of the selected benchmarks is in the range of good and very good. The results showed
that smart real estate projects are achieving a smarter status with an average of 72%; the
rate was 65% on average for the smart cities level. Achieving a full score would not be
realistic; only an ideal smart real estate in an ideal smart city could reach that score.

It was identified that the leading categories of the smart city are smart technology,
smart infrastructure, and smart people. For the smart real estate level, smart infrastructure,
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smart people, and smart environment were the leading categories. The study proved that
smart cities and smart real estate are significantly more developed than traditional ones;
smart cities are more sustainable, connected, transparent, innovative, managed, and offer a
highly improved quality of life. Selected smart real estate projects showed improvement in
users’ satisfaction, building management, innovation, renewable resources, and resource
consumption reduction. Traditional buildings are responsible for 40% of the consumption
of energy resources and 24% of the greenhouse effect worldwide; this was reduced in the
selected smart real estate with an average 48% and 67%, respectively.

Based on the comparative benchmark analysis for both scales, some indicators are com-
monly utilized in all selected benchmarks and can be considered success indicators. These
include the availability of middleware platforms, big data management, and the sensors
and actuators. However, even with the leading smart development, further development
and potential for improvement are needed to reach a smarter status. According to the
results, the city’s performance impacts the smart real estate’s performance and vice versa.
However, based on some smart city categories’” performance, they set limits of smartness
for smart real estate that would affect their capabilities; this was the case for the smart
governance category.

The correlation analysis was conducted on three classifications: indicators, subcate-
gories, and main categories for smart cities and real estate levels and their integration. The
analysis proved a significant correlation in these classifications, and a significant correlation
was detected in the integration between smart cities and smart real estate. The analysis
detected a significant correlation between the mentioned classifications and levels. At the
main category classification, smart infrastructure, governance, and technology had the
highest correlation levels with other categories. The indicators classification, the availability
of open data platforms, big data management, net zero building, and sensors and actuator
availability significantly correlate with other indicators at all levels.

The selected smart real estate followed different strategies for integration in the smart
city. Three projects followed a leading strategy, two followed the following strategy, and the
remaining two followed the waiting strategy. As such, the integration and the relationship
between the cities and the real estate projects followed different forms and approaches. At
the same time, the detected trends illustrated that, on average, smart real estate tends to
adopt the leading strategy, except for smart governance, technology, and environment. To
reach a smarter development and improve users’ quality of life, the focus should be on
improving both levels, as they are significantly dependent on each other.

Future research can be formed by adopting and merging the framework with currently
used systems and schemes, such as Smart City Index, EU ESG, and other entities and
systems, the framework is designed to be flexible and adjustable to respond as technology
evolves. Additionally, a possible extension to the smart neighborhood level. The framework
can be developed as a recognized rating and certification system for smart cities and
real estate.
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